Background-Although concern regarding patency and possible compromise of graft blood flow by routing the right internal thoracic artery (RITA) through the transverse sinus has been raised, little is known about long-term patency. Methods and Results-To evaluate long-term patency of in situ RITA bypass via the transverse sinus, our first 115 patients (94 men, 21 women; mean age, 62.5 years; range, 13 to 77 years) who were alive in 1998 were enrolled for angiographic study. Only good-caliber grafts with no occlusion, string sign, or significant stenosis were considered patent. Early postoperative angiography had been performed 2 to 3 weeks after surgery in 114 patients. The early patency rates were 97.1% for RITA and 95.4% for left internal thoracic artery (LITA) grafts. Of 109 long-term survivors, 73 (67.0%) consented to have late angiographic restudy at a mean of 59 months (range, 9 to 93 months); 89.9% of RITA and 92.3% of LITA grafts were patent. Cumulative patency rates (actuarial curves) at 6 years were 89.3% (95% CI, 85% to 94%) for RITA and 94.5% (95% CI, 92% to 97%) for LITA, the differences not reaching statistical significance (multivariate Cox analysis). Conclusions-Our study demonstrated good long-term patency of in situ RITA bypass grafting via the transverse sinus for revascularization of the circumflex and diagonal arteries and supports its continued use.
I mproved long-term survival and a reduction in late cardiac events have been documented in patients receiving a left internal thoracic artery (LITA) graft to the left anterior descending (LAD) artery compared with patients revascularized with saphenous veins. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Work reported by us and others [11] [12] [13] [14] has demonstrated satisfactory and encouraging early results, and although there is concern regarding longterm patency and blood flow of right internal thoracic artery (RITA) grafts routed through the transverse sinus, little is known about late patency. 12, 15, 16 We designed this project to evaluate the long-term patency for comparison with the early results of RITA routed through the transverse sinus.
Methods

Patients
Between September 1989 and December 1996, of 950 patients undergoing isolated CABG, 279 had bilateral ITA. Of these, 250 had an RITA graft placed via the transverse sinus for revascularization of the circumflex or diagonal arteries, and in 187, the in situ LITA was anastomosed to the LAD in the conventional manner.
The first consecutive 115 patients who survived surgery were asked (informed consent) to be enrolled in the study, which was approved by the Ethics Committee and the Internal Review Board. One patient died shortly after discharge and was excluded. There were 94 men and 21 women with a mean age of 62.5 years (range, 13 to 77 years). Two patients rejected early predischarge postoperative angiography. Mean interval from surgery to late examination was 59 months.
All ITA grafts were evaluated for occlusion, development of string sign, or presence of significant stenosis (flow-limiting stenosis or stenosis of Ͼ50% of the vessel diameter at any point along the body of the graft or at any anastomosis). Only good-caliber grafts with no occlusion, string sign, or significant stenosis were considered patent. The early and late results were compared.
Operative Procedures
As can be seen in Table 1 , the in situ RITA via transverse sinus was used to revascularize mostly the posterolateral wall, and the LITA was used for the anterolateral wall of the left ventricle. In 93 patients (81%), the in situ LITA was anastomosed to the LAD with standard methods.
Statistical Methods
Data are presented as mean and 95% CI. Long-term patency rates were calculated by the actuarial method. For analysis of predictors for graft occlusion, the multivariate Cox proportional hazards regression model was used. To determine the best subset of predictors, univariate testing of variables was performed with 2 analyses or univariate Cox modeling. Then, any variables that exhibited trends to be associated with graft occlusion (PϽ0.2) were included in the multivariate Cox proportional hazards regression model. The laterality of RITA or LITA was added to the multivariate analysis. Only values of PϽ0.05 were considered significant. All analyses were performed with commercial statistical software (SAS, version 6.12).
Results
Early Examination
Early postoperative angiography was performed 2 to 3 weeks after surgery in 114 patients. Only 1 RITA graft (0.88%) anastomosed to the posterolateral artery was found to be occluded. A stringlike artery and significant stenosis each were present in 1 patient (0.88%), for a patency rate of RITA grafts of 97.1%. The patency rate of LITA grafts was 95.4%.
Late Examination
Seven patients died during the follow-up period: 2 from pneumonia, 2 from cerebrovascular accidents, 1 from a motor vehicle accident, 1 from sudden death, and 1 from heart failure (ischemic cardiomyopathy). Of 109 long-term survivors, 73 (67.0%) consented to the late angiographic restudy at a mean interval of 58.9 months (range, 29 to 93 months) after operation. Four patients with renal dysfunction and 2 patients confined to bed because of hemiplegia were not suitable for coronary angiography, and 30 patients rejected the procedure.
The study was inadequate for evaluation of the RITA in 4 patients. The RITA was occluded in 5 patients (7.2%), and a stringlike artery was present in 2 patients (2.9%), for a patency rate of 89.9% of RITA grafts. The study was inadequate for evaluation of the LITA in 1, and 5 LITA grafts (7.7%) were occluded, for a patency rate of 92.3% of LITA grafts.
There were no significant differences in patency rates between LITA and RITA grafts. The patency rates of RITA grafts in the 3 groups categorized by anastomosis site (obtuse marginal artery, intermediate branch, posterolateral artery, and diagonal branch) are shown in Tables 2 and 3 . There was no statistically significant difference between groups.
Long-term patency rates when only single anastomosis (ie, excluding all sequentials) were considered were calculated by the actuarial method (Table 4 and Figure 1 ).For comparison purposes, only LITAs anastomosed singly to the LAD were analyzed. Cumulative patency rates for RITA and LITA grafts at 6 years were 89.3% (95% CI, 85% to 94%) and 94.5% (95% CI, 92% to 97%), respectively. To determine whether the difference in patency rate for RITA and LITA grafts was significant even after adjustment for other important variables, a multivariate Cox proportional hazards regression model was performed. To determine the best subset of predictors, univariate testing of variables (age, sex, aortitis, smoking, hypertension, diabetes mellitus, hyperlipidemia, renal dysfunction [creatinineϾ1.5 mg/dL], and size of recipient coronary artery) was performed with 2 analyses or univariate Cox modeling. Because of the relatively small number of occluded grafts (nϭ13), only the variables (age, aortitis, and hypertension) that showed a trend to correlate with the ITA occlusion (PϽ0.2) in the univariate analysis were included in multivariate Cox proportional hazards regression model. The laterality of RITA or LITA was added to multivariate analysis. None of the variables were associated with ITA graft occlusion, and laterality of RITA or LITA grafts did not influence the graft occlusion (Table 5) .
Comparison Between Early and Late Studies
Serial angiographic studies were available in all but 1 patient. Among the 5 RITA grafts found to be occluded at the late examination, 2 were already nonfunctional at the early examination (1 occluded and 1 stringlike artery, Figure 2 ), and the other 3 RITA grafts were patent at early examination. In a 45-year-old man with a 90% left main trunk lesion, postoperative angiography revealed an occluded LITA; a directional coronary atherectomy (DCA) to the left main trunk converted the 90% lesion to a 25% lesion and resulted in complete relief of symptoms, but late angiography 4 years later revealed an occluded RITA with no stenosis in the left main trunk. The other patient, a 13-year-old girl with aortitis, had recurrent angina 4 months after surgery secondary to 90% stenosis in the midportion of the RITA. Elective PTCA to the RITA body was temporarily successful until restenosis, and subsequent to a second PTCA, the RITA was judged to be occluded. This patient had repeated CABG, the only repeated CABG of the entire group. No atherosclerotic changes were noted along the ITA body in either the early or late examinations. Eight patients had PTCA after the operation during the follow-up period. In 4 patients, it was related to progression of disease in native coronary arteries; in the remaining 4, PTCA was related to the ITA (2 RITA, 2 LITA), 3 requiring the procedure before hospital discharge and 1 requiting PTCA late (the 13-year-old girl mentioned above).
In 6 patients with recurrent angina, new and significant coronary artery obstructions were found in 3 patients, and occluded or stenosed grafts were found in 3 patients (2 vein grafts, 1 RITA). One of these patients underwent PTCA and reoperation for RITA failure as mentioned above.
Discussion
Reduction in late cardiac events and improved long-term survivals compared with patients revascularized with the saphenous vein have been documented in patients receiving a LITA-to-LAD graft, with long-term (10-year) patency rates of LITA anastomosed to LAD reported to be Ϸ90%. With expectations of improving long-term survival, the use of bilateral ITA as a free graft, a Y graft, or an in situ graft has been advocated by some, 14, [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] but optimal use of the RITA is not established yet.
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We have used the in situ RITA graft via the transverse sinus for revascularization of the circumflex and diagonal arteries with encouraging excellent angiographic early results, similar to those reported by Puig et al 11 in 1984 and Buche et al 12 in 1995. The patency rates of RITA directed to the circumflex arterial system through the transverse sinus in our early study (2 to 3 weeks) of 97% and the 98% rate reported by others in a study performed a mean of 13 months (range, 6 to 58 months) did not differ from the rates predictable for LITA anastomosed to the LAD, erasing any concern regarding patency and graft blood flow being compromised by the possible compression of the pedicle by the aorta. Recently, Gerola et al 15 reported that RITA grafts were patent in 33 patients (91.6%) and LITA grafts were patent in 34 patients (94.4%) at late follow-up (mean, 52 months). However, little is known about the long-term patency of in situ RITA grafting via the transverse sinus beyond that time frame. The present study demonstrated patency in 62 patients (89.9%) receiving RITA grafts a mean of 58.9 months after the original surgery, and satisfactory intermediate results were reconfirmed.
The ITA has been shown to be highly resistant to the development of arteriosclerosis. 7, [33] [34] [35] Kay et al 33 reported that among 215 ITA segments from routine postmortem examinations, significant atherosclerotic narrowing was seen in only 9 patients (4.2%), and no patient had Ͼ50% reduction in lumen diameter. Ivert et al 7 reported 7 obstructions (8%) in the ITA (2 in the proximal ITA, 5 close to the anastomosis) 2 weeks after surgery, but the grafts remained patent for 5 years; in 3 of the patients consenting to angiography at 11 years, the grafts were still patent despite significant stenosis. In our study, insignificant stenosis in the proximal segment of the RITA was found in 2 patients (1.8%), and both grafts were patent at late examination. Although there were new occlusions in 4 patients, no other new stenoses or atherosclerotic changes in the ITA body during the interval between early and late angiography occurred.
Several authors have reported significantly lower patency of RITA than LITA grafts when the vessel bypassed was not the LAD. Dietl et al 21 and Chow et al 24 reported an increased rate of RITA graft failure when it was used to bypass the right coronary and posterior descending arteries; they attributed this problem to spasm of the distal end of the RITA graft and tension on the graft. He and colleagues 36, 37 reported increased contractility of the ITA toward the distal end and emphasized that the distal end of the ITA should not be used for grafting. In our experience, opening the pleura, incising the pericardium to obtain the shortest route, 38 and harvesting the RITA to near the origin of the subclavian artery 12, 13 makes the need for use of the distal RITA beyond the bifurcation very rare and prevents tension on the RITA. Our early and late patency rates of RITA grafted to the posterolateral artery were no different from grafts to the more proximal circumflex arteries. We believe that the RITA can be directed to the posterolateral artery in most patients without excessive tension.
Because of the relatively small number of failed grafts, our study could not identify any factor related to late failure of grafts. Ivert et al 7 reported that ITA graft failures were related to indication errors and occurred when the ITA was used to bypass a low-grade coronary stenosis. In 1 of our patients, DCA converted a 90% left main trunk lesion to a 25% lesion and was associated with occlusion of the RITA graft that was patent at the time of early angiography before the DCA. Chow et al 24 observed lower patency rates for both ITA grafts when coronary arteries other than the LAD were the target vessels (76% versus 90%, PϽ0.03). Patency of LITA grafts to the diagonal branch of the LAD was only 62%, much lower than the patency of grafts to the LAD. They further noted that the quality and runoff of the target vessel are the primary determinants of graft patency. Smaller runoff of the circumflex coronary artery might explain the slightly lower patency rate of the RITA compared with the LITA graft anastomosed to the LAD in our series. Better long- term patency rates could be expected by directing the RITA to the most important branch of the circumflex artery with good runoff. The assumption that bilateral ITA grafting provides more benefits than single ITA grafting has not been clearly established, [39] [40] [41] but published data demonstrate a significant improvement in the survival of patients who received both ITA bypass grafts to left-sided arteries compared with patients with LITA grafts to the LAD and RITA grafts to the right coronary artery. 19 Although long-term-benefits were not a parameter in this study, directing the RITA graft via the transverse sinus to the posterolateral wall, which can be combined with the standard technique of grafting the LAD with the LITA, is expected to improve long-term clinical outcomes. Also, if reoperation is needed in patients with both ITA grafts patent, our method could protect the patent RITA from the risk of injury.
Conclusions
Our study demonstrated good long-term patency of in situ RITA grafts placed via the transverse sinus, contrary to the supposition that the long-term patency rate would be compromised by routing the RITA through the transverse sinus. Our results support continued use of in situ RITA via the transverse sinus for revascularization of the circumflex and diagonal arteries.
